The majority of introductions of nonindegenous organisms into the United States are believed to have been facilitated by human beings (National Research Council) . 1 The cumulative number of identified insect species has increased steadily since 1820, a pattern that has been attributed to growth in international trade (Dehnen-Schmutz et al.; Elton; Frey; Levine and D'Antonio; Maki and Galatowitsch; Niemela and Mattson; Perrings et al.; Sailer 1978 Sailer , 1983 Stanaway et al.; Weigle et al.) and travel (Johnson, Ricciardi, and Carlton; Liebhold et al.; Office of Technology Assessment) and natural habitat destruction (Pimentel, 1993; Taylor and Irwin; Vilà and Pujadas) . Early introductions have been associated with European migration (Smith; Wheeler and Hoebeke) , the surge in animal and plant imports following the founding of the U.S. Department of Agriculture (USDA) (Sailer, 1983) , and large-scale commercial production of homogeneous crops and livestock (Capinera) . Advances in transportation, storage, and shipping technologies (Dobbs and Brodel; Dowell and Gill; Myers; Pratt et al.; Rainwater) have also been implicated, as has the dumping of overseas soil ballast (Lindroth; Locke et al.; Pierce et al.) and the widespread use of wood packaging materials (Haack and Cavey) .
Although there is a great deal of circumstantial evidence suggesting a causal relationship between the previously mentioned factors and introductions of nonindegenous organisms, there are few studies that have estimated such relationships empirically. Work et al. use Agricultural Quarantine Inspection Monitoring data to examine the contributions of four distinct cargo pathways. Taylor and Irwin use a nationwide database of exotic plants to examine the effects of population and land use variables on the dispersion of plants. Similarly, Dalmazzone and Vilà and Pujadas use regression analysis to study the relationship between macroeconomic factors (national wealth, trade flow, tourism, immigration, population density, and land use) and the concentration of nonindegenous plants in various countries. The three latter studies find that economic variables contribute significantly to the prevalence of nonindegenous plants.
However, the existing studies are limited to short time series of data and to methods that implicitly equate species identifications to species introductions. In effect, all introduced species are assumed to be known, and the identifications occur at the time of arrival; therefore, it is unclear how general and robust the findings are. Additionally, the majority of the existing studies focus on the dispersion of plants, so it is unclear whether the findings are relevant to insect species. As a result, there is very little in the way of available scientific guidance to characterize the historic importance of various pathways to insect invasion. Our objective is to examine the influence of pathways on observed identifications of nonindegenous insects and unobserved introductions using data for a large number of years. We find that agricultural imports and the volume of sea trade may explain a great amount of variation in insect identification and introduction rates; however, the impacts of immigration and travel are unclear, and currently available proxies for identification effort are weak determinants of the probability that new species are identified after they are introduced.
The Model
The objectives of the analysis are to measure the impacts of international trade and travel on the number of nonindegenous insect species introduced into the United States and the success of academic and governmental efforts to identify introduced species. The model, therefore, has two parts that are estimated jointly: the process of species introductions and the likelihood of identifying introduced species. This model makes it possible to infer the introduction rate of nonindegenous species using the record of actual identifications, even if the events of introduction and identification are separated by years. In effect, this model eschews the bias from assuming simultaneous introductions and identifications.
Following Costello and Solow, the processes of introduction and identification of invasive species are modeled as Poisson random variables, the distributions of which include economic factors. m s denotes the number of introductions in year s and is modeled as an exponential function of trade-related factors:
X s is a vector of explanatory variables, and b is a vector of parameters. m s is assumed to depend only on economic factors in year s. Let p st denote the probability that a species is observed in year t given that it was introduced in year s, s # t, modeled as a logistic function of the amount of identification effort and resources,
W st is a vector of explanatory variables, and c is a vector of parameters. W st may be specific to an identification in year t or to a pair of introduction and identification years s and t, so in general it has two time subscripts. The probability that a species is observed in a year is assumed independent but not necessarily the same across different years.
In period t, the probability of identifying a species that was introduced in period s (p st ) equals the product of the probability of observing the species in period t and the probability of not observing the species in all periods s through (t 2 1):
The number of species introductions (m s ) may depend on the volume of imported goods (goods arrival), the number of arriving people (passenger arrival), and the migration of species unrelated to trade (wildlife migration), as in Trade data disaggregated by these pathways are often missing. But even if they were available, it would be difficult to use them because the number of records that we are examining, the annual counts of species identifications, is small. It is also expected that individual trade series are collinear with each other. Including them all would lead to problems with the identification of individual parameters and yield parameters of unstable magnitudes and signs. All the previously mentioned variables are individually expected to contribute positively to species introductions. However, if two factors are collinear with each other and an increase in one occurs with a decrease in another (such as arrivals by air replacing arrivals by sea), their parameters may have unexpected signs. If a pathway that is strongly associated with insect introductions is replaced by another pathway that is only weakly associated, the parameter on the second pathway could be negative even if we exclude the first factor from the regression.
The probability of identification of a species during years s to t depends on identification effort and resources and the observability of the species: Observability of a species changes as it migrates to a more populated area, disperses to a wider area, attacks commercial crops, mutates, or becomes extinct. Because there are no data to characterize such trends, we assume that time t and the length of the period separating introduction and the current period t-s are sufficient proxies for these trends (Costello and Solow) . As a result, exponential survival and dispersion rates are assumed identical for all identified insect species. Species identifications may also occur as a by-product of unrelated scientific or economic activities that are not monitored or measured (Myers) . Species identified in these ways are not explicitly estimated in our model and therefore become part of the estimation residual.
In general, the lag between species introduction and identification (t-s) can be of any length. Unfortunately, for estimation purposes, we cannot allow unlimited lags between species introductions and identifications because we would need to observe all past values of variables explaining those identifications. With a limited time lag (t-s), we need data only on years s through t. In the current analysis it is assumed that the events of introduction and identification are separated by at most 10 years. This restriction allows us to use all of our annual observations of species identifications, without removing more than 10 years of data. In all model runs in the following, the initial year refers to the period when we start fitting species identifications. Therefore, assuming a maximum 10-year lag between species introduction and identification, the explanatory variables date back 10 years.
To estimate the parameters in Equations (1) to (3) (or specifically in Equations (3) to (5) Beardsley (1962 Beardsley ( , 1979 , Capinera, Frank and Thomas, Sailer (1978, 1983) , and Thomas provide further information on species and identification dates used to obtain more exact dates and to verify records.
3 Data from these sources are merged. For example, when identification dates differ across databases, the earliest date is used, and observations with reliable and exact identification dates are used. Ten species identified during 1550-1820 are omitted because data on explanatory variables are unavailable. For the same reason, two species identified during 2001-2002 are omitted, for a final data set having 1,097 identifications during 1820-2000.
Explanatory variables are often unavailable for the entire time span of the identification record, particularly data on detailed subcategories of trade. For variables that are unavailable or not easily measurable, close proxies are used. Table 1 lists the available dependent and explanatory variables with their sources and parameters to be estimated. To control for the arrival of infested goods into the United States, we use agricultural imports and the volume of sea trade as alternative proxies. We expect agricultural imports to be an important determinant of insect introductions because of their close association with crops and livestock, historical detections at U.S. ports (Haack and Cavey), 2 For a description of the NANIAD, refer to Kim and Wheeler and Knutson et al. The NANIAD has the same origins as the North America and Western Hemisphere Invasive Arthropod Databases (NAIAD and WHIAD). The differences come from nonsystematic updating of the databases and changes in nomenclature over time. 3 The problem with many surveys of nonindegenous insects is that their nomenclature is different from those in prior studies. It is often unclear whether the reported identification in a region is the same as identification in the United States overall. Additional sources that are not incorporated in our data include the Bishop Museum's Hawaiian Arthropod Checklist Database and data compiled by Dowell and Gill for California, Frank and McCoy for Florida, and Nishida and Beardsley for the Midway Atolls. and widespread references in the literature. Imports by sea are also thought to contribute to insect introductions because a large portion of horticultural commodities and raw materials are imported by sea and because environmental conditions associated with dock and cargo areas often promote insect survival.
To examine the effects of international travel, we use data on all passenger arrivals, passenger arrivals by air, and immigration. Without information on luggage and circumstances, it is difficult to rank these pathways a priori. Passenger arrivals by air may be less important at explaining species introductions Table 2 ( ; CY1981 Supplemental Table 1 ( [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] ; DARRS FATUS (1976 -1988 and ARTS, FATUS, and HS (1989-2003) , interpolated using constant growth rate (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , includes all passenger arrivals by sea and air, interpolated using constant growth rate (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , interpolated using constant growth rate (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) . f U.S. Department of Commerce, Annual Report of the Maritime Administration. g USDA Budget Estimates, interpolated using constant growth rate (1983) . 4 The majority of aviation-related data are collected by the International Air Transport Association, which does not make pre-1980 data available to the public. Available aviation data series include major airlines' passenger-miles (for years 1960-1992) and airborne freight ton-miles (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) from Standard & Poor's Aerospace and Air Transport Industry Surveys. These data do not distinguish international and domestic travel. The distance of travel may have an opposite impact on introductions relative to flight volume because fewer organisms survive long travel. Data on the number of aircraft often include only major carriers or omit the size of aircraft, hence potentially biasing our results. Our data on passenger arrivals by air are unique because they include arrivals by both U.S. and foreign nationals and count each passenger once regardless of the number of flight legs, the size and utilization of the aircraft, or the identity of the carrier.
because of airport and aircraft storage area conditions. To the extent that arrivals by air may have over time replaced arrivals by other means, coefficient estimates may not represent ceteris paribus impacts on species introductions.
To explain the species identification trend, we use one proxy for the level of public effort and resources available for the identification of new insect species: annual outlays of USDA's Agricultural Research Service (ARS), which has historically conducted invasive species research and management. Unfortunately, sufficient data on more detailed federal budget items are unavailable or have not been reported consistently over time.
5 Information on other public, academic, and private efforts are generally unavailable. To the extent that ARS funds are at least in part used for new species identifications, we expect a positive impact of funds on identifications. Generally, the species identification Equation (5) could include even lags of this variable, but without information on the timing of the use of the funds, it is unclear what lags should be included. Because of the limited availability of these data, the inclusion of lags would shorten the time period over which the model can be estimated. It is therefore assumed that federal funds affect species identifications only in the period when they are spent.
The variables and data series described previously are often unavailable in complete form. Some span fewer years than from the first year of the invasive species record to the present time. In that case the model is run on a shorter range of years. Some variables have missing values surrounded by known values. In a few cases, competing data series are available, and it is unclear which series should be used. 6 To generate a complete data set, we use the following procedures. When data series have missing values, we interpolate the numbers using surrounding values and a constant annual growth rate. In the absence of better information, the interpolated numbers can be viewed as the expected values given the known values in surrounding years. When multiple data series are available for the same or different time periods, the series that is most compatible with other time periods is used.
To piece together data on all passenger arrivals into the United States, we use data on all arrivals for 1870-1893 (Statistical Abstracts), and the Bureau of Entomology and Plant Quarantine (BEPQ) . A search was also run on the Agricola server of the National Agricultural Library (NAL) for publications that dealt with invasive insect species and were registered with the NAL . The search included phrases with adjectives-''alien,'' ''exotic,'' ''nonnative,'' ''nonnative,'' ''nonindigenous,'' ''nonindigenous,'' ''invasive,'' ''emigrant,'' ''immigrant,'' and ''adventive''-combined with nouns-''species,'' ''insects,'' ''arthropods,'' ''plants, '' ''organisms,'' and ''pests'' (Reichard and White) . USDA, APHIS, and BEPQ outlays and the NAL publications were not helpful in explaining the species identification trend, likely because these outlays and publications had functions other than invasive species identification. Outlays by USDA and APHIS were estimated to have a small, negative effect on species identifications. The number of NAL publications had a negligible, positive effect. variance inflation factors among two variables are noted.
Results

The Naive Model
We start with ''naive,'' noneconomic model 1 proposed by Costello and Solow where introduction and observation rates (Equations [4] and [5] ) are only functions of time and a time lag between introductions and identifications for . We discard earlier observations because the recording of identifications of new species was intrinsically different before 1866 and discard more recent observations because some new identifications may not have shown up in our data.
Coefficient estimates on the time variables are significantly different from zero and imply that rates of species introduction and identification have grown over time ( Table 2 ). The loglikelihood ratio for model 1, compared to a model with all coefficients except the intercept restricted to zero, is 380.45; therefore, the 1866-1990 1866-1990 1958-1996 1964-1998 1882-1990 Note: x 2 statistics are in parentheses. The dependent variables are the annual number of species introductions (for regressors with coefficients b x ) and the likelihood of observing a species t-s years after introduction (for regressors with coefficients c x ). All monetary variables are deflated to 2003 dollars using Sahr. * Coefficient is significant at the 0.1% level. ** Coefficient is significant at the 1% level.
hypothesis that our regressors jointly explain none of the variation in annual species identifications can be rejected at the 0.1% level.
The Live-Organism Pathway Model
In model 2, we replace time t as a regressor in the expression for m t (Equation [8] ) with the volume of agricultural imports and immigration; therefore, this model implicitly assumes that trade and travel are the most important determinants of live organism introductions:
The process of species identification is assumed to follow Equation (9). Model 2 is examined for 1866-1990, allowing a direct comparison of fit to model 1. The coefficient on agricultural imports is positive, as expected, and significant at the 0.1% level, while the coefficient on immigration is negative and insignificant. c 2 characterizes the effect of the length of time between species introduction and identification and is positive and significant at the 0.1% level. In all the models that follow, c 2 is positive implying that, in all but the naive model, species are generally observed in later years, after their arrival, presumably because of their dispersion. The log-likelihood function value is higher for model 2, indicating an improvement in fit relative to model 1, and the log-likelihood ratio statistics indicates that the hypothesis that our regressors jointly explain none of the variation in species identifications can be rejected at the 0.1% level.
The Air And Sea Pathway Model
In model 3 we add airline passenger arrivals and sea trade tonnage to the list of explanatory variables examined because both pathways have been described as important. In particular, air travel may allow insects to survive longer journeys: The process of identification is assumed to follow Equation (9). The model is run for 1958-1996 at the expense of almost a century's worth of identification data because the volume of sea trade is unavailable before 1947. Years 1991-1996 are added to compensate for this loss, at a risk of using incomplete data on species identifications for those years. Model 3 excludes World War II; therefore, the period examined may be less subject to a structural change than the previous periods examined. Air arrivals are used instead of all arrivals because they have made up the vast majority of all U.S. arrivals since the early 1950s. Conceptually, because all arrivals comprise passengers arriving by air and sea, they could be collinear with sea trade. Including both variables could cause problems in identifying parameters on these two factors. To test for collinearity between all arrivals and sea trade, the variance inflation factor was computed, and a factor of 8.4 was obtained. Given that variance inflation factors over 8.0 are taken to indicate collinearity, all arrivals should not be used jointly with sea trade in a regression. The variance inflation factor between sea trade and air arrivals is 7.9, indicating a potential problem but not a prohibiting result. Passenger arrivals, or arrivals by air, could also be collinear with immigration. The variance inflation factor between either measure of passenger arrivals and immigration is, however, only 3.7.
Coefficient estimates on all variables except immigration are highly statistically significant. Agricultural imports, immigration, and the volume of sea trade have the expected positive effect on species introductions. Air arrivals have an unexpected large negative effect, possibly because of their partial collinearity with sea trade, omitted variables, or perhaps measurement errors (Vining) . The coefficient estimates and their significance suggest the joint importance of the included factors in explaining species introductions and identifications, but the small time dimension introduces the possibility of overidentification. Model 3 uses eight explanatory variables to explain 38 identification records; nevertheless, the hypothesis that our regressors jointly explain none of the variation in species identifications is again rejected at the 0.1% level.
The Species Identification Effort Model
Model 4 uses data on ARS outlays to proxy for federal efforts to identify new species Equation (5). Because of the short data series available on ARS outlays, this model is limited to the years 1964-1998. The species introduction Equation (4) Compared to model 3, sea trade is excluded here as a factor to preserve degrees of freedom; it is assumed that agricultural imports proxy well for the arrival of high-risk commodities.
The coefficient on ARS t is negative, small in magnitude, and insignificant, suggesting that ARS outlays are not good predictors of new insect species identification success. In the species introduction equation, the coefficient estimate on agricultural imports is positive, large, and significant, but the coefficient estimate on immigration is positive and insignificant. The coefficient estimate on passenger arrivals by air has an unexpected sign and is statistically significant. The comparison of these results with those for model 3 reveals that adding ARS t in the species identification Equation (5) and that excluding sea trade from the species introduction Equation (4) yields small changes to the estimated coefficients. During 1983-1998, several significant efforts at identifying new species and combining all known insect databases were undertaken (Frank and McCoy; Knutson et al.; Mattson et al.; Sailer 1983) , plausibly resulting in inconsistency of the data with the rest of the record. Better proxies for scientific effort are clearly needed for this analysis, particularly for the most recent years. The log-likelihood value for this model falls to 763.73. Because of the shorter time dimension and the fact that our data on effort and resources are limited to ARS outlays, less variation in the identification rate is explained than previously. (For comparison, model 3 benefited from the significant contribution of sea trade to the species introduction Equation [4] .) Despite these data issues, this model is again significant at the 0.1% level.
A Model Using Lessons Learned
Lessons learned are used to construct model 5. It controls for agricultural imports and passenger arrivals during 1882-1990 and incorporates the full extent of the available passenger arrival data. All passenger arrivals are used because models 2 to 4 indicated that air arrivals are more strongly associated with species arrivals (albeit negatively) than immigration. To the extent that air arrivals have accounted for the vast majority of all arrivals since the 1950s, a similar result is expected here:
Species identification Equation (9) is used. As in the previous specifications, agricultural imports has a large, positive, and statistically significant effect on species introductions, while passenger arrivals have a negative but statistically insignificant effect. Model 59s loglikelihood function value (1,263.63) is larger than the log-likelihood values for model 2 (1,258.93) and model 1 (1,204.88) when the latter models are estimated for the 1882-1900 period, indicating that model 5 explains the most variation in the endogenous variables. Therefore, passenger arrivals appear to be more strongly associated with species introductions than immigration.
Discussion
The results indicate that the explanatory variables selected in our regressions are helpful in explaining species introduction and identifica-tion rates. With the exception of one coefficient in model 2, all coefficients on economic variables carry the same sign across specifications. This is a nice result suggesting that the model behaves consistently across specifications and does not have multiple solutions. However, some coefficients are not significant in the regressions, or their signs disagreed with our prior expectations. Low degrees of freedom coupled with multicollinearity may be partially responsible. Variance inflation factors indicated the presence of borderline collinearity for model 3. Another explanation for the unexpected signs is that we use only proxies for trade-related variables and have surely omitted a number of relevant variables that would help identify individual coefficients more precisely. The influence of heterogeneous growth rates across insect species and climatic and environmental conditions over time could not be examined, nor could such determinants as invasive species border controls and technological improvements in the transportation industry related to the volume of international travel. Table 3 summarizes all the coefficients from the previous analysis, as well as the computed effects of marginal changes in each explanatory variable on the annual number of species introductions, on the likelihood of observing a species in a year and, through these two effects, on the annual number of species identifications. Marginal effects in the species introduction Equation (4) are averaged over the 10 most recent years for which we have fully estimated species identifications, that is, introduction years for which we have 10 years with estimated species identification. By averaging, we offset variation in the marginal effects across years due to variation in the explanatory variables, and we obtain a single marginal effect estimate for each variable. We use the most recent years because this provides estimates of present-day effects. In the species identification Equation (5), we evaluate the marginal effect on the probability of identification only in the year of the species introduction (and average them over the 10 most recent years of species introductions) because the probability of observing a species varies across years after its introduction, and it makes little sense to combine years in this case.
The bottom half of Table 3 synthesizes these two sets of results to show the marginal effects of all regressors on the predicted number of species identifications.
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The third column in Table 3 The results indicate that the annual rate of new species introductions increases 1.1 species every 10 years. The probability of observing an introduced species in the first year after introduction increases 17% every 10 years. Because our data cover only 1,097 insect species of the approximately 4,600 insect species thought to exist in the United States (Pimentel et al. 2000 (Pimentel et al. , 2001 , or 24%, it is likely that 1.1 species underestimates the true introduction rate per 10 years. Assuming that nonindegenous insect species, which are not in our database, had the same propensity to arrive and were introduced under the same conditions and subject to the same factors as the included species, linear extrapolation suggests a growth rate of 4.7 species every 10 years. A $1 billion (1.7%) increase in agricultural imports increases the annual rate of new species introductions 0.78 species (3.25 species when extrapolated to all known nonindegenous insect species). A 100-kiloton (9.1%) increase in sea trade increases the annual rate of new introductions 0.87 species (3.65 species extrapolated). A 100,000 (7.7%) increase in immigrants per year increases the annual introduction rate 0.14 species (0.60 species extrapolated). However, a 1 million (1.7%) increase in arrivals of all passengers per year reduces the annual introduction rate 0.17 species (0.69 species extrapolated). Air passengers, which starting in the 1950s took over the vast majority of international travel, are predicted to lower annual introductions by 0.31 insect species (1.28 species extrapolated) for a 1 million (1.7%) increase in arriving passengers. A $100 million (9.1%) increase in ARS outlays is predicted to increase the annual rate of new insect species identifications by 0.04 species (0.15 extrapolated). The small impact of ARS outlays is likely due to the broadness of ARS's functions. The combined impacts of the marginal effects in the species introduction Equation (4) and species identification Equation (5) are reported at the bottom of Table 3 . These effects are for the most part slightly larger in magnitude than the marginal effects on the species introductions because the number of identifications exceeds the number of estimated introductions in three out of our five models. The majority of the estimates in Table 3 are statistically significant, but their impacts on the introduction and observation rates are smaller and sometimes indistinguishable from zero. These estimates imply that an enormous change would have to occur in the explanatory variable to affect the species introduction and observation rates noticeably.
For each model, Figure 1 plots estimated introduction and identification rates against Model 2 predicts that the number of identifications falls short of the introductions by only 1.5%. Models 3 and 4 estimate that species identifications exceed introductions by 6.5% to 19.1%, implying that in the last four decades of the twentieth century, scientists identified 26 to 76 more species than the number of species introduced during that period.
Using Figure 2 , we may predict that the number of unidentified insect species in the United States accounts for up to 1.6% (as in model 2, 1,039/1,023 -1) of the currently known stock. Compared to the 4,600 nonindegenous insect species identified in the United States, this would imply 72 unidentified species. Williamson and Fitter and Mooney and Cleland estimate that 10% of imported species appear in the wild, 10% of introduced species become established, and 10% of established species become invasive. Following this rule of thumb and assuming that 72 unidentified insect species have appeared in the wild, we may infer that 720 species were introduced into the United States undetected, that seven may become established, and that one of these insect species may become invasive. Table 4 shows the estimated mean time lags between species introductions and identifications across our model specifications along with the standard deviation of the mean drawn from a geometric distribution.
8 Note that the mean time lag until identification is computed for all insect species taken together; individual species may have longer or shorter identification time lags depending on characteristics and conditions (Carey; Reichard and White). The reported times until identification may also vary over time, as can be seen from the varying distances between the peaks in introductions and identifications in the subfigures of Figure 1 .
Conclusions
In this study we attempt to examine the determinants of introductions of insect species into the United States. Because introduction , where t are species-observation years, in this case up to t 5 10. To get the mean waiting time for species introduced in all years, we average E(w s ) over all species-introduction years s for which we have the full 10 years of identification data.
and identification rates differ, we use a maximum likelihood estimation method to control for time lags and the probabilistic relationship between these events. We show that a limited number of variables can explain a great amount of variation in introduction and identification rates. The most significant contributor to the introduction of nonindegenous insect species appears to be imports of agricultural goods. A $1 billion increase in agricultural imports is estimated to increase introductions as much as one new species per year. The volume of sea trade also has a significant positive effect, at 0.9 new species per year per 100-kiloton increase. Immigration appears to cause a modest, statistically insignificant number of new species arrivals. There is counterintuitive evidence regarding the impact of passenger arrivals, especially airborne passengers, on species introductions. This may be due to the difficulty of distinguishing their impact from those of other trade-related variables, omitted correlated variables (such as arrivals by sea and by land, which were to a large degree replaced by air arrivals), and, to some extent, measurement errors. Air transport may also be less susceptible to insect contamination than other means of transport omitted in this analysis. We also find that currently available proxies for public effort are weak predictors of the probability that new species will be observed after their introduction. Further research would focus on better proxies for the level of scientific effort to identify new species and on distinguishing the individual effects of these efforts-exclusion, mitigation and information gatheringin order to identify the historic significance of prevention efforts and guide policymakers in the development of efficient control programs in the coming years. [Received February 2007; Accepted July 2007.] 
